INTRODUCTION {#sec1-1}
============

Oral cancer is the 11^th^ most common cancer in the world, and death due to it ranks 6^th^ globally.\[[@ref1]\] In India, particularly it has the highest incidence of oral cancer globally and accounts for approximately 30--40% of all other cancers.\[[@ref2]\] Most invasive oral carcinomas are generally preceded by preinvasive stage of oral precancerous lesions. Malignant transformation of oral leukoplakia (OL) is 1--20% over 1--30 years while oral lichen planus (OLP) and oral submucous fibrosis (OSMF) have malignant transformation of 0.2%/year and 7--13% respectively.\[[@ref3]\]

Progression of these oral potentially malignant disorders to carcinoma is multi-stage process and is preprogrammed temporarily in the genome. Many molecular studies have explored a number of genes that are altered, amplified, dysregulated in expression or deleted in head and neck tumorigenesis.\[[@ref4]\]

Beyond prevention, the quench for early detection of the lesion and its progression is necessary as it increases the possibility of favorable treatment outcome and better prognosis. Recently, various tumor markers have received more attention and one among them is cell to cell adhesion molecule, E-cadherin (E-cad), tumor suppressor gene that is expressed in epithelial tissues. E-cad, 120-kDa glycoprotein, a calcium-dependent cell-surface adhesion molecule that works as an intercellular adhesion molecule between epithelial cells and is also involved in the transduction of signals controlling various cellular events, including polarity, differentiation, growth and cell migration. In addition, E-cad has the ability to inhibit cell proliferation by up-regulating the p27 via epidermal growth factor receptor. Therefore, E-cad described as major growth or proliferation suppressor biomarker. It is encoded by the gene CDH1 located on chromosome 16q-22 and the loss in E-cad expression has been correlated with cancer progression.\[[@ref4][@ref5]\]

E-cadherin is also known to express in various carcinomas of head and neck, esophagus, prostrate, pancreas, stomach and uterine cervix and its reduced expression has been correlated with aggressive behavior, high proliferation, invasion, metastasis and poor prognosis of cancer.\[[@ref6]\]

Several researchers hypothesized that E-cad expression is reduced with increase in grade of dysplasia. The reduced expression of E-cad may be a reliable indicator of increase in invasiveness of oral carcinomas. Therefore, it indicates the prognostic value during therapeutic intervention.\[[@ref1][@ref5]\] Therefore, the objective of the present study is to evaluate the expression of E-cad in oral precancerous lesions and oral carcinomas in comparison with normal oral mucosa (NOM) by immunohistochemical method, so as to unravel its role in progression and invasion of these conditions.

MATERIALS AND METHODS {#sec1-2}
=====================

Study setting {#sec2-1}
-------------

The study was conducted in the Department of Oral Medicine and Radiology, Sri Sai College of Dental Surgery, Vikarabad following the ethical committee clearance. A total sample size of 50 subjects was chosen, with study group consisting of 10 patients in each group diagnosed with OL, OSMF, OLP and oral squamous cell carcinoma (OSCC). The control group consisted of 10 individuals, without any systemic or oral condition. Any subject with systemic disease (e.g.: Diabetes mellitus, thyroid disorders and liver dysfunction) was excluded. Samples of these study groups were selected after the lesions were confirmed both clinically and histopathologically following informed consent of the patient. Clinically, all the samples of OL demonstrated homogenous type of leukoplakia, criteria proposed by WHO (1980),\[[@ref7]\] the histological degree of epithelial dysplasia was based on the proportion of the height of the epithelial layer that presents the dysplastic changes with mild to severe dysplastic changes.\[[@ref8]\] Clinicopathological criteria proposed by Kumar *et al.* were used for OSMF classification, all the subjects belong to stage 2 clinically.\[[@ref9]\] In this present study, 6 subjects were of reticulate type of OLP, two were of atrophic type and two were of erosive type according to Andreasen *et al.* (1968),\[[@ref10]\] and histopathological correlation was done according to Nippelberg *et al.*\[[@ref11]\] Classification criteria as proposed by Robbins *et al.*\[[@ref12]\] were considered for OSCC in which 2 subjects were well-differentiated, six were of moderately differentiated and remaining two were of poorly differientiated.

Expression of E-cad was done by immunohistochemistry, and antibodies and reagents used for immunohistochemistry technique were obtained from Envision kit, Dako, Denmark and Dako, Carpinteria, CA, (USA).

Primary antibody-mouse anti-human E-cadSecondary antibody-anti-mouse IgGPeroxidase blockConjugate-horse radish peroxidase (HRP)Chromogen substrate -- Diaminobenzidine tetra hydrochloride (DAB).

Four micron thick sections were taken onto poly-L-lysine adhesive coated slides and incubated for 3 h at 50--60° centigrade and procedure of E-cad staining was performed following dewaxing and antigen retrieval procedure by immersing in 10 mM ethylenediaminetetraacetic acid. Following which dipped in freshly prepared 3% H~2~O~2~ for 10 min, to block endogenous peroxidase activity. The sections were then washed in Tris-wash buffer for two changes for 5 min each. Then sections were incubated with prediluted primary antibody E-cad (clone NCH-38, 1:200 dilution, Dako, Carpinteria, CA, USA) at room temperature for 24 h in a humid chamber. Sections were then washed in Tris-wash buffer thoroughly for 2--4 min. Super enhancer of the secondary antibody was added for 30 min and then washed in Tris-wash buffer thoroughly for 2--4 min. Then DAB (1 drop) + wash buffer (1 ml) was added for 10 min. For visualization, sections were incubated with HRP for 15 min. The sections were then lightly counterstained using Mayer\'s hematoxylin for 10 s, after which sections were gently washed in running tap water for 60 s. Mounting was done in DPX mounting media (glycerol).

Evaluation of the staining for E-cadherin {#sec2-2}
-----------------------------------------

Assessment of E-cad positive cells was performed using double headed light microscope at ×10 and ×40. The criteria used to define E-cad antigen positive cells were brown staining in dysplastic cell membrane; the pattern was described as normal when staining was exclusively membranous and of similar intensity to adjacent normal epithelium. Abnormal staining included discontinuous or absent membranous staining, with or without cytoplasmic staining. Presence of immunostaining in the cell membrane of various layers of epithelium was evaluated in randomized six fields/intensity of positively stained cells as percentage expression at 40x and graded as 0 (under 10% positively stained cells), 1+ (10--25% positively stained cells: Weak expression), 2+ (25--50% positively stained cells: Mild to moderate expression), 3+ (50--75% positive cells: Moderate to strong expression) and 4+ (over 75% of intensity of positively stained cells: Very strong expression). The current grading criteria were chosen as defined by Simionescu *et al.*\[[@ref13]\] in their study, as grade of dysplasia increased, expression of E-cad was reduced in OSCC patients.

Statistical analysis {#sec2-3}
--------------------

The expression of E-cad was interpreted by an experienced pathologist who was blinded as to which group the patient belonged, to eliminate bias. Interpretation of E-cad expression was done by two independent observers, and the results were tabulated. The inter-examiner reliability in recording expression of E-cad was found to be 0.96 (intraclass correlation coefficient) implying a good agreement between the two observers. Hence, the study was preceded with a single examiner.

Following the tabulation of the data, all calculations were performed using IBM SPSS Statistical Software Package (SPSS 14.0 for Windows, SPSS Inc., Chicago, IL, USA). The obtained data were analyzed by Pearson Chi-square test. The *P* \< 0.05 was considered to be statistically significant.

RESULTS {#sec1-3}
=======

The data obtained from the study were compiled, tabulated and subjected to statistical analysis. The results that were obtained are presented in the following manner:

[Table 1](#T1){ref-type="table"} shows the general information of sex-wise distribution in the five groups. Each group consisted of 10 subjects, which comprised of 6 (60%) males and 4 (40%) females in OL group, OLP group and OSMF group whereas in OSCC group and control group, it comprised of 5 males (50%) and 5 females (50%) \[[Graph 1](#F1){ref-type="fig"}\].

###### 

Sex-wise distribution of the groups
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![Sex-Wise distribution of the groups](EJD-9-364-g002){#F1}

[Table 2](#T2){ref-type="table"} shows the general age distribution of all five groups. The age range for all the five groups ranged from 20 to 60 years. The mean age and standard deviation (SD) of OL was 41.10 ± 12.38, in OSMF 30.90 ± 4.07, in OLP 36.00 ± 8.30, in OSCC 50.10 ± 7.80 and in control group 37.30 ± 9.09 \[[Graph 2](#F2){ref-type="fig"}\].

###### 

Age-wise distribution of the groups
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![Mean age](EJD-9-364-g004){#F2}

Expression of E-cadherin in normal tissue \[[Table 3](#T3){ref-type="table"}, [Graph 3](#F3){ref-type="fig"}\] {#sec2-4}
--------------------------------------------------------------------------------------------------------------

###### 

Expression of E-cadherin in OL, OSF, OLP, OSCC and normal tissue \[[Graph 3](#F3){ref-type="fig"}\]
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![Expression and comparison of E-cadherin in all groups](EJD-9-364-g006){#F3}

All 10 subjects of normal tissue expressed 4+ (very strong expression). Intense staining of E-cad is seen in the spinous layer and basal cell layer, but not at the basal surface of basal cells and superficial layer as a phenomenon of natural desquamation.

Expression of E-cadherin in oral leukoplakia \[[Table 3](#T3){ref-type="table"}, [Graph 3](#F3){ref-type="fig"}\] {#sec2-5}
-----------------------------------------------------------------------------------------------------------------

In 10 subjects of leukoplakia group (all of were homogenous type), 4 subjects scored as 1+ (weak expression), 4 subjects showed as 2+ (mild to moderate expression), 1 subject scored as 3+ (moderate to strong expression) and remaining 1 subject scored as 4+ (very strong expression) \[Figures [1](#F4){ref-type="fig"} and [2](#F5){ref-type="fig"}\].

![Histopathological expression of oral leukoplakia using H and E, ×10](EJD-9-364-g007){#F4}

![Immunohistochemical expression of E-cadherin in oral leukoplakia at, ×40](EJD-9-364-g008){#F5}

In 10 subjects of OL, 50% of lesion showed mild dysplasia, of which 1 subject scored as 4+ (very strong expression), 3 subjects scored as 2+ (mild to moderate expression) and remaining 1 subject showed as 1+ (weak expression). About 30% of lesions showed moderate dysplasia, in which 1 subject scored as 3+ (moderate to strong expression) and 2 subjects scored as 1+ (weak expression). Remaining 20% of lesions showed severe dysplasia, in which 1 subject scored as 2+ (mild to moderate expression) and another scored as 1+ (weak expression).

Expression of E-cadherin in oral submucous fibrosis \[[Table 3](#T3){ref-type="table"}, [Graph 3](#F3){ref-type="fig"}\] {#sec2-6}
------------------------------------------------------------------------------------------------------------------------

In 10 subjects of OSMF group (all of were stage 2), 2 subjects (20%) scored as 1+ (weak expression), 4 subjects (40%) scored as 2+ (mild to moderate expression), 3 subjects (30%) scored as 3+ (moderate to strong expression) and remaining 1 (10%) subject showed as 4+ (very strong expression) \[Figures [3](#F6){ref-type="fig"} and [4](#F7){ref-type="fig"}\].

![Histopathological expression of oral submucous fibrosis using H and E, ×10](EJD-9-364-g009){#F6}

![Immunohistochemical expression of E-cadherin in oral submucous fibrosis at, ×40](EJD-9-364-g010){#F7}

Of 10 OSMF subjects, 5 (50%) subjects showed mild stage histopathologically, in which 1 subject scored as 1+ (weak expression), 3 subjects showed as 2+ (mild to moderate expression) and 1 subject scored as 4+ (strong expression) and remaining 5 (50%) subjects showed moderate stage, in which 1 subject showed as 1+ (weak expression), 1 subject showed as 2+ (mild to moderate expression) and other 3 subjects scored as 3+ (moderate to strong expression).

Expression of E-cadherin in oral lichen planus \[[Table 3](#T3){ref-type="table"}, [Graph 3](#F3){ref-type="fig"}\] {#sec2-7}
-------------------------------------------------------------------------------------------------------------------

In 10 subjects of OLP group, 6 subjects (60%) showed 1+ (weak expression), 1 subjects (10%) scored as 2+ (mild to moderate expression) and remaining 3 subjects (30%) scored as 3+ (moderate to strong expression) \[Figures [5](#F8){ref-type="fig"} and [6](#F9){ref-type="fig"}\].

![Histopathological expression of oral lichen planus using H and E, ×10](EJD-9-364-g011){#F8}

![Immunohistochemical expression of E-cadherin in oral lichen planus at, ×40](EJD-9-364-g012){#F9}

In correlation with clinical types, of 6 reticular types of OLP, 3 subjects (30%) scored as 3+ (moderate to strong expression), 1 subject (10%) scored as 2+ (mild to moderate expression) and 2 subjects (20%) showed 1+ (weak expression). Of the remaining 4 subjects, 2 subjects demonstrated atrophic type and 2 subjects as erosive type, both types expressed as 1+ (weak expression).

Expression of E-cadherin in oral squamous cell carcinoma \[[Table 3](#T3){ref-type="table"}, [Graph 3](#F3){ref-type="fig"}\] {#sec2-8}
-----------------------------------------------------------------------------------------------------------------------------

In 10 subjects of OSCC group, 6 subjects (60%) scored as 1+ (weak expression), 3 subjects (30%) scored as 2+ (mild to moderate expression) and remaining 1 subject (10%) scored as 3+ (moderate to strong expression) \[Figures [7](#F10){ref-type="fig"} and [8](#F11){ref-type="fig"}\].

![Histopathological expression of oral squamous cell carcinoma using H and E, ×40](EJD-9-364-g013){#F10}

![Immunohistochemical expression of E-cadherin in oral squamous cell carcinoma at, ×40](EJD-9-364-g014){#F11}

Among 10 subjects of OSCC, 6 (60%) subjects showed moderately differentiated OSCC in which 4 subjects scored as 1+ (weak expression), 1 subject showed as 2+ (mild to moderate expression), 1 subject showed as 3+ (moderate to strong expression). About 20% of OSCC are of well-differentiated and another 20% are of poorly differentiated carcinoma in which 1 subject scored as 1+ (weak expression) and 1 subject scored as 2+ (mild to moderate expression).

Altogether, majority of the subjects with OSCC (*n* = 90%) and OLP (*n* = 80%) had grade 1+ expression, while majority of OL (*n* = 70%) scored 1+ and 2+ expression and majority of OSMF (*n* = 60%) scored 2+ expression. All the controls showed 4 + expression. This difference in expression of E-cad was statistically significant in comparison with normal control groups with *P* ≤ 0.001.

DISCUSSION {#sec1-4}
==========

The shift in cancer research from the histopathological to the molecular and genetic levels was brought about by many new technologies, one among them is immunohistochemical study and is believed that understanding the molecular basis of cancer will lead to precise diagnosis and better treatment.\[[@ref14]\]

In the oral mucosa, epithelium shows adaption to different mechanical demands and maintains its structure by a process of continuous cell renewal and a lot of factors are involved in maintaining the balance between proliferation and differentiation. One among them is E-cad, localized on the surface of epithelial cells in regions of cell-cell contact known as adherens junctions and regulates the cell aggregations. E-cad is also involved in transduction of signals controlling various cellular events, including polarity, differentiation, growth and cellular migration. In normal epithelium, E-cad is expressed in spinous and basal layer expect for the basal surface of the basal layers and superficial layers as a process of continuous renewal of cells.\[[@ref15]\]

Oral cancer is the most prevalent group of malignancies in Indian subcontinent and the development of it is a multistep process, where in involving interactions between several factors such as tobacco-associated carcinogens, areca nut, betel quid and alcohol consumption, and/or viral infections and is a multi-stage process which requires modulation of cell-cell and cell-stromal interactions. Loss of E-cad expression has been noted with poorly differentiated morphology in a large number of malignancies such as cervix, esophagus, including head and neck.\[[@ref16]\]

Hence, the present study was conducted to assess the expression of E-cad in OL, OSMF, OLP and OSCC patients in comparison to NOM by immunohistochemistry.

In the present study, 10 samples of NOM as control group were taken with average mean age and SD of 37.30 ± 9.09. All of them have expressed 4+ (very strong expression). These control tissues showed intense continuous membranous staining of E-cad in all the epithelial cells of spinous layer and to less extent staining is seen in basal cells and less staining or complete absence in superficial layers of cells which is suggestive of normal desquamation.

The present study group consists of 10 OL samples. Of 10 OL samples, 6 males (60%) and 4 females (40%) were present. This was consistent with the reported annual age incidence rate of 2.1/1000 in men and 1.3/1000 in women by Rajendran and Shivapathasundaram\[[@ref17]\] in their study.

Most of the previous studies on OL were also of the opinion that the common site of occurrence is buccal mucosa 76%, then alveolar sulcus 19% followed by tongue 5% by Raina *et al.*,\[[@ref18]\] which is consistent to our present study where 9 subjects (90%) of OL lesion are on buccal mucosa; of these, majority of the subjects that is, 40% showed 2+ (mild to moderate expression). Remaining 1 subject (10%) are on tongue that expressed as 1+ (weak expression).

In the present study, all the samples were of homogenous type of leukoplakia, with showing mild to severe dysplastic changes. These samples, as shown in [Table 3a](#T4){ref-type="table"}, inferences that, there is no significant association between the degree of dysplasia with down-regulation of E-cad expression. This observation of our study was not consistent to various previous studies conducted by Yuwanati *et al.*, Chaw *et al.*\[[@ref19][@ref20]\] who concluded that, reduction in the E-cad expression was seen as the degree of dysplasia increases from mild to severe, as the severity increases.

###### 

Staining intensities of E-cadherin expression between normal and different subgroups of leukoplakia

![](EJD-9-364-g015)

Overall, the majority of subjects in OL group (*n* = 80%) showed weak and mild membranous staining of E-cad in suprabasal and spinous layer of cells as shown in [Table 3](#T3){ref-type="table"}. Hence, there is a reduction in E-cad expression in dysplastic layers of OL. This observation of our study was consistent with the studies conducted by Yogesh *et al.*, Kaur *et al.*\[[@ref16][@ref21]\] who stated that atypical features of dysplasia are strongly correlated to the loss of expression of E-cad.

Yogesh *et al.*\[[@ref16]\] in his study also explained that, there is a variation in the expression of E-cad in the dysplastic epithelium with varying degrees of dysplasia or severity of dysplasia and location of tissue, would suggest that these alterations are the result of the progression of dysplasia and could be a late event, which is suggestive of change toward a cell phenotype with the ability to invade. These explanations are in accordance with our observation in OL group.

The present study consists of 10 OSMF samples in one group. All of the subjects of this group belong to the mean average age with SD of 30.90 ± 4.07, which is in contrast to the previous studies which say that it is a disease of adulthood between the ages of 45--60 years. The possible reason for OSMF occurring at young age could be that the patients were exposed to the irritants from a very young age. This is in accordance with previous studies by Ganapathy *et al.*,\[[@ref22]\] according to them, the mean age is around 30 years.

Of 10 OSMF samples, all the subjects were demonstrated as stage 2 clinically and histopathologically, 50% samples showed mild stage of OSMF in which majority of samples showed mild to moderate expression that scored as 2+ and remaining 50% showed moderate stage, in which majority of the samples showed moderate to strong expression that scored as 3+ as shown in [Table 3b](#T5){ref-type="table"}. In our study, as in shown [Table 3](#T3){ref-type="table"}, altogether majority of OSMF samples (*n* = 60%) showed reduced expression of E-cad with mild to moderate intensity. This finding of our study was consistent with the study conducted by Das *et al.*\[[@ref1]\]

###### 

Staining intensities of E-cadherin expression between normal and different stages of OSMF
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The present study consists of 10 OLP samples. Of 10 OLP samples, 6 were males (60%) and 4 were females (40%). In this present study, 6 (60%) of the 10 subjects were of reticulate type, which is the most common type to occur according to many previous studies, 2 (20%) were of atrophic type and 2 (20%) were of erosive type.\[[@ref4]\] Buccal mucosa is the most common site for OLP followed by tongue, gingiva that is in consistent with our study where 60% are on buccal mucosa, 20% are on tongue and 20% are on gingiva.

In 10 samples of OLP group, with respect to clinical types, of 6 reticular types of OLP, 3 subjects (30%) scored as 3+ (moderate to strong expression), 1 subject (10%) scored as 2+ (mild to moderate expression) and 2 subjects (20%) showed 1+ (weak expression). Of remaining 4 subjects, 2 subjects demonstrated atrophic type and 2 subjects as erosive type, both types expressed as 1+ (weak expression). As a whole, majority of our OLP samples (*n* = 70%) as in [Table 3](#T3){ref-type="table"} showed reduced or weak expression of E-cad in basal and suprabasal layer of cells, which is in accordance to study conducted by Neppelberg *et al.*,\[[@ref11]\] who stated that, focal loss of E-cad in basal keratinocytes may contribute to loss of cell-to-cell contacts and destruction of basal keratinocytes and thus, this may play a role in the pathogenesis of OLP and also concluded in his another study (2007)\[[@ref23]\] that E-cad were not significant sensitive markers to select OLP lesions at risk for development of OSCC.

In another study that was conducted by Ebrahimi *et al.*,\[[@ref24]\] also showed decreased expression of E-cad, this finding is consistent with our findings. The author concluded with their study that, mixed expression pattern of OLP with variably resembling normal as well as tumor tissue and also with the previous data that, it cannot be judged whether OLP lesions are at an increased risk of malignant development.

The present study consists of 10 OSCC samples and of these samples, 5 (50%) were males and 5 (50%) were females.

Among 10 samples of OSCC, majority of samples as shown in [Table 3c](#T6){ref-type="table"} that has shown no significant association between the degree of differentiation of tumor and expression of E-cad. This observation of our study was consistent with the study conducted by Shinohara *et al.*, Diniz-Freitas *et al.*,\[[@ref25][@ref26]\] whose studies also showed no significant association between the degree of differentiation of tumor and expression of E-cad.

###### 

Staining intensities of E-cadherin expression between normal and different stages of OSCC
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Of 10 samples of OSCC groups, altogether majority of samples (*n* = 90%) showed mild to moderate expression, these observation of our study suggest that, there was overall reduction or lost membranous expression of E-cad in the deep invasive tumor margin of primary tumor. A study conducted by Hung *et al.*,\[[@ref27]\] concluded that immunoreactivity of E-cad was progressively reduced from normal mucosa followed by oral precancerous lesions and significantly decreased in primary OSCC (58%), which was also coinciding with our findings of E-cad expression.

Upon assessing the expression of E-cad in OL, OSMF, OLP and OSCC, as majority of the samples with OSCC (90%), OL (80%), OLP (70%) and OSMF (60%) samples showed mild to moderate expression of E-cad staining, which was suggestive of reduction in dysplastic cells on comparison to NOM cells. This difference in expression and variation of E-cad upon comparison with normal mucosa was statistically significant (*P* \< 0.001).

CONCLUSION {#sec1-5}
==========

Within the limitation of the study, it could be concluded that there was significant variation of expression of E-cad with the histopathological dysplasia of the oral precancerous lesions and the tumor differentiation of the oral cancers in comparison with NOM. However, there was no correlation of the degree of loss of expression of E-cad with the degree of dysplasia or the tumor differentiation of oral cancers.

Since, there was a variation in the expression of E-cad, but its value as a prognostic marker is questionable. A longitudinal study with more sample size is required to confirm this conclusion.
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